Contr. Univ. Mich, Herb. 14:153-203. 1980.
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INTRODUCTION

The genus Carex is one of the largest amphimictic genera of vascular plants with an
estimated 1,000 (Hitchcock et al., 1969) to 2,500 (Nelmes, 1952a) species. While size
alone does not necessarily indicate taxonomic difficulty, Carex is a genus that does often
plague taxonomists. One of the most problematic sections in Carex is the Stellulatae. 1t
should be noted here that the nomenclatural difficulties surrounding the infrageneric
taxa in Carex are formidable (Voss, 1966). Because of this, the currently accepted
nomenclature of the subdivisions of the genus (Mackenzie, 1931, 1935) is here followed
without further comment.

As defined by Mackenzie (1931), section Stellulatae is best developed in eastern
North America. Here Mackenzie recognized 16 species: Carex echinata Murray (C.
muricata auct. non L.), C. cephalantha (Bailey) Bicknell, C. angustior Mackenzie,
C. laricina Bright, C. sterilis Willdenow, C. interior L. H. Bailey, C. exilis Dewey, C.
josselynii (Fernald) Pease, C. elachycarpa Fernald, C. mohriana Mackenzie, C. atlantica
L. H. Bailey, C. incomperta Bicknell, C. howei Mackenzie, C. seorsa E. C. Howe, C. ruthii
Mackenzie, C. wiegandii Mackenzie. Some of these species he considered transcontinental.
Carex phyllomanica W. Boott, C. ormantha (Fernald) Mackenzie, and C. laeviculmis
Meinschausen were considered by Mackenzie to be endemic to western North America.
One species, C. townsendii Mackenzie, was restricted to Mexico.

Qutside of North America, Carex echinata is known throughout much of Europe
(Jermy and Tutin, 1968) and also in the south temperate zone in New Zealand (Moore
and Edgar, 1970) and Victoria and New South Wales, Australia (Moore, 1893; Ewart,
1930; Willis, 1970). Carex omiana Franch. & Savat., C. echinata, and C. angustior are
reported from eastern Asia (Egorova, 1960, 1966; Ohwi, 1936). In addition, three species
which have been referred to the Stellulatae are isolated endemics on tropical mountains:
C. gajonum Nelmes (1952b) in Sumatra, C. svenonis Skottsberg (1944) in Hawaii and
C. perileia S. T. Blake (1947) in New Guinea.

In North America, there has been vast divergence in the taxonomic treatments of
this group. In northeastern North America alone the number of species recently recog-
nized has varied from nine (Gleason, 1952; Gleason and Conquist, 1963) to 14 (Fernald,
1950) and even 15 (Mackenzie, 1931). The number of species reported from Canada has
varied from 12 (Mackenzie, 1931) to three (Boivin, 1967).

MATERIALS AND METHODS

This study was based on examination of about 8,000 specimens located in the
following herbaria: ACAD, ALTA, CAN, CM, DAO, F, FLAS, GA, GH, MICH, MIN,
NCU, NY, PH, QK, SHER, SIU, TEX, TRT, TRTE, UARK, UBC, UC, WIS. In addition,
the species were studied in the field in Ontario from 1974 to 1977 and along the east
coast of North America from Nova Scotia and southern Quebec to Massachusetts in 1975
and 1978.

153



154

Citations of representative specimens are available from the senior author upon
request.

TAXONOMIC CHARACTERS

A wide variety of characters are available within the genus Carex. In compiling
features for examination in this work, keys and descriptions in a number of previous
treatments of this section were consulted. Especially useful in this respect were
Mackenzie (1931), Hermann (1941), Fernald (1950), Gleason (1952), and Voss (1972),
and more generally Damman (1964) and Jermy and Tutin (1968). In addition a thorough
search was made for new features that might be of use.

The vegetative organs and flowers are rather simple; thus, most of the characters
are concentrated in the inflorescence and infructescence. Fruiting characters specifically
are used a great deal and, in this investigation, were unavoidably the most numerous
character type. Nevertheless, the obvious utility of fruiting characters and the dubious
success of vegetative keys except in relatively depauperate Carex floras (Damman, 1964;
Jermy and Tutin, 1968) should not obscure the usefulness of some nonfruiting charac-
ters. In this investigation, leaf width, leaf section type, and distance between adjacent
spikes on the culm were found to be quite useful.

As it is potentially of considerable significance, the precise manner in which some
of the characters were measured will be briefly discussed. In the Stellulatae, perhaps the
most critical decision is which perigynium should be measured. Many keys contain a
general statement that the perigynia in the middle of the spike are most characteristic
and should be used for comparison. A check on this initially obvious statement revealed
that it is indeed not so obvious at all. It was evident that, at least in the Stellulatae, the
perigynium length/width ratio is most different between species and least variable within
a species on the lowest perigynia of the spikes. The middle and certainly the uppermost
perigynia are more variable and, in fact, perigynia of all species converge in shape towards
the apex of the spike so that they become essentially indistinguishable (Reznicek, 1978).
If there are relatively few perigynia in the spike, often only the lowest one or two are
suitable for measurement as characteristically developed for the species.

The perigynium beak was on occasion difficult to define. It was measured from the
first inflection point in the curve at the transition from beak to body to the tip of the
teeth at the apex of the beak. The width of the perigynium was always measured at the
widest point, regardless of its location, and the number of nerves of the perigynium was
counted over the achene on the adaxial surface above the basal spongy layer. Throughout
the text the terms nerve and vein have been used interchangeably.

When leaves were measured, the largest culm leaf was always used. This was usually
the uppermost leaf (except in Carex exilis). The widest leaf on the plant proved a signifi-
cant character. In its measurement, all leaves were considered, including the dried up
leaves of the previous year. These old leaves, usually produced on sterile shoots after the
plants have fruited, are sometimes much larger than culm leaves and, as is the case with
the shape of the lowest perigynia on a spike, better express the potential variation of
the plant. For this reason, plants of this group should not be cleaned of their dead
leaves when preparing specimens.

RELATED SECTIONS AND LIMITS OF THE STELLULATAE

It is clear that a complete revision of group boundaries even in one section of
Carex like the Stellulatae cannot be attempted without examination of world-wide mate-
rial which is beyond the scope of this work. However, some discussion of relationships
and minor realignments of North American species seems necessary at this point.
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The Stellulatae, as defined by Mackenzie (1931), are close to three other sections
of Carex in North America: the notoriously difficult Ovales, the boreal Heleonastes, and
the primarily woodland Deweyanae. These groups and the Stellulatae all have in common
gynecandrous, simple spikes and a usually cespitose habit. The Ovales characteristically
have more or less scale-like perigynia appressed and more or less overlapping in a dense
head. The perigynia are thin-margined, sometimes even winged and often stramineous.
The Heleonastes, excluding C. disperma Dewey (Ohwi, 1936; Toivonen and Timonen,
1976), characteristically have short-beaked or essentially beakless, plump, ascending to
spreading perigynia that are not spongy-thickened at the base and usually appear
minutely whitish puncticulate. The Deweyanae have ascending or even appressed-
ascending perigynia. The plants themselves have a lax and spreading habit. The Stellulatae
are characterized by spreading to reflexed perigynia that are prominently beaked,
spongy at base, thick-margined, not white puncticulate and with a usually serrulate beak.

As Mackenzie (1931) defined the section, the Stellulatae included 20 species in
North America. In addition, a few other North American species have been included in
it in the past. Carex gynocrates and its relatives, now placed in the Dioicae, were placed
here by Fernald (1902) and Holm (1903) but these differ strongly in being much
smaller, slender, delicate, dioecious mat-formers. Carex illota was included by Mackenzie
(1917, 1922) but later aligned with the Ovales (Mackenzie, 1931). Moore and Calder
(1964) concurred with this placement. Since the species has more or less sharp-edged,
ascending perigynia without a spongy base and a smooth-margined beak that is not
bidentate, the plant certainly does not belong in the Stellulatae.

Mackenzie (1931) separated the Stellulatae from the Deweyanae by “perigynia
spreading or ascending at maturity” for the former contrasted with “perigynia appressed”
for the latter. However, Mackenzie included three species in the Stellulatae which dif-
fered considerably from the above description: Carex laeviculmis, which was described
as having perigynia “appressed or ascending,” C. elachycarpa with pergynia “closely
appressed,” and C. josselynii with pergynia “appressed-ascending.” The taxonomic posi-
tion of C. josselynii and C. elachycarpa, considered endemic to northern Maine, has al-
ready been discussed (Reznicek and Ball, 1979) and they were shown to be based on
abnormal individuals of species with normally spreading to reflexed perigynia. Carex
laeviculmis, on the other hand, is a widespread species of western North America ranging
from Alaska to California. In addition to appressed or ascending perigynia, it has a lax,
spreading habit. These characteristics, along with its overall aspectual similarity to C.
deweyana and C. bromoides, place it clearly with the Deweyanae, not the Stellulatae. As
it was at one time described as a variety of C. deweyana (Bailey, 1888), it is difficult to
understand Mackenzie’s placement of it in the Stellulatae without any mention that it
was unusual in the group. Fernald (1902) noted that it was similar to C. seorsa in having
a smooth-beaked perigynium and this may have been partly responsible for Mackenzie’s
decision. It is here considered as a member of the Deweyanae and will not be discussed
further.

The exclusion of Carex laeviculmis from the Stellulatae leaves a uniform group of
cespitose sedges with gynecandrous spikes of widely spreading to reflexed perigynia that
are planoconvex to more or less biconvex, thick-margined, and have a prominent ser-
rulate, bidentate beak and spongy base. Only three species differ slightly from this
description.

Carex exilis has involute leaves and usually solitary spikes. It may also occasionally
be dioecious. These features have led to its placement in the Dioicae by some authors
(Tuckerman, 1843; Kikenthal 1909). This placement was also supported by Savile and
Calder (1953) using evidence derived from the phylogeny of Carex-infecting smuts.
Comparison of micromorphological features of the perigynium and achene epidermis of
C. exilis with C. echinata, C. interior, C. dioica L. and C. parallela (Laest.) Sommerf. was
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also interpreted as providing support for the placement of C. exilis in the Dioicae
(Toivonen and Timonen, 1976). However, Carex exilis is not normally dioecious and may
be multiple-spiked. Additionally, characters of the perigynium such as shape, beak-
toothing and marginal serration are those of the Stellulatae. Multiple-spiked individuals,
save for involute leaves, very closely resemble other species of Stellulatae and would
seem to indicate a close relationship of C. exilis to the Stellulatae rather than to the
normally dioecious and exclusively single-spiked Dioicae. This relationship has been
noted by several authors (Boott, 1858; Holm, 1901, 1903; Nelmes, 1952a). Carex exilis
is here placed in the Stellulatae pending further evidence from additional characters and
examination of other relevant species in the Dioicae. With its stiff involute leaves and
usually single spikes, C. exilis is a plant of striking appearance and is here regarded as a
specialized and somewhat isolated species within the group.

Carex sterilis differs slightly in being incompletely or even completely dioecious.
In all other features it is very similar to other species of Stellulatae. Dioecious Carex are
rare and most have single spikes. The only other more or less dioecious, multiple-spiked
Carex known to the authors in North America are several species in the Divisze (Mac-
kenzie, 1931; Reznicek, Catling, and McKay, 1976; Hudson, 1977). It should be noted
here that most keys to Carex segregate the Stellulatae using the gynecandrous nature of
the spikes, especially the terminal spike. Clearly, C. sterilis cannot be keyed correctly
using this feature.

Carex seorsa, while of typical sex distribution and spike number, differs slightly in
having a smooth perigynium beak with the widest part of the perigynium only slightly
below the middle.

The remaining species of Stellulatae are all extremely similar in morphology. Thus,
even with the rather specialized Carex exilis, the group is a very uniform and well defined
natural taxon.

THE DELIMITATION OF SPECIES IN SECTION STELLULATAE

While the Stellulatae as a whole present extreme taxonomic difficulties, there
nevertheless are some taxa that are distinctive. In dealing with the taxonomy of the
group it is best to discuss these distinctive plants first and leave the problem areas for
detailed discussion.

The most distinctive member of the Stellulatae is Carex exilis. It is amply
distinguished from all other members by its usually single spike (Fig. 36), involute,
stiff leaves, and large anthers.

Carex seorsa is also a distinctive species. It is a more or less lax plant with soft
leaves contrasting with the often stiff clumps of the other species. It is unique in the
Stellulatae in having a totally smooth-margined beak. The perigynium is also widest
closer to the middle and has a more tapering base than most individuals of other species.
The perigynium is not, however, widest near the middle as described by numerous
authors. Figures 1 and 35 both illustrate that it is in fact usually widest somewhat below
the middle. The plant also usually has a shorter beak and longer ligule than other
members of the Stellulatae.

Carex sterilis is a most interesting species. It was the first exclusively American
species to be described (Willdenow, 1805). In some recent works it is not recognized
(Boivin, 1967) or only recognized at varictal level (Gleason, 1952; Gleason and Cronquist,
1963). Nevertheless, the plant is quite distinct from all other members of the Stellulatae.
It is striking that in an overwhelming majority of cases the terminal spike is strongly uni-
sexual, being either all pistillate with rarely 1 or 2 staminate flowers at the base or all
staminate with rarely a few pistillate flowers. Virtually never does the terminal spike
have the clavate base formed by staminate flowers that is so characteristic of all other
members of the Stellulatae (Fig. 37). The lateral spikes are also strongly unisexual but
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FIG. 1. Ratio of perigynium length and distance from base to widest point of perigynium
plotted against beak length for Carex echinata, C. atlantica, C. interior, C. exilis, C. wiegandii, C. ruthii,

C. sterilis and C. seorsa.
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less so than the terminal spike. Carex sterilis does not have a regular arrangement of
male and female flowers even on one spike and often the plants are more or less com-
pletely dioecious. Both these features, as noted before, make keying the species very
difficult. Staminate specimens are particularly difficult to place if not recognized to
species. A helpful clue (see key) is that they have larger anthers than most other species
of Stellulatae. Carex sterilis also has more or less obtuse pistillate scales that are strongly
castaneous with a usually broad hyaline tip and margin and usually castaneous perigynia
with soft, hyaline-bordered teeth. These features also help separate it from other species
in the group, which usually have lighter coloured perigynia and scales.

The remaining species are much more difficult. The correlations among characters
are more obscure and the aspect of all species is quite similar. A close examination of
leaf widths disclosed that the widest leaves found in the group, about S mm, were con-
fined to two geographical regions and that certain morphological features were correlated
with the leaf widths in each of the two areas. The two units correspond to Mackenzie’s
(1931) species Carex ruthii, confined to the southern Appalachian mountains, and
C. wiegandii, whose range was centered about the Gulf of St. Lawrence. The two taxa
are easily separated from one another by their distinctive infructescence structure
(Fig. 2). Carex ruthii has an extremely open, elongate infructescence with considerable
space between the lowest spikes (Fig. 43) whereas C. wiegandii has a dense, in some
cases almost capitate, infructescence with even the lowest spikes closely approximate
(Fig. 39). Further examination indicated that these two taxa can possess leaves as narrow
as 2.8 mm in some cases, thus overlapping with C. echinata and C. atlantica which may
occasionally have leaves broader than 2.8 mm (but never up to S mm). Carex echinata
can easily be separated from C. wiegandii and C. ruthii by its longer, often acute
pistillate scales. Both C. ruthii and C. wiegandii have shorter, more or less obtuse
pistillate scales. Figure 3 shows clearly that the pistillate scale length of broad-leaved
individuals of C. echinata is greater than that for specimens of C, ruthii and C. wiegandii
with comparable leaf widths. Broad-leaved individuals of C atlantica can usually be
separated from C. ruthii and C. wiegandii by the extremely broad perigynia, normally
2 mm or more wide and 1.1 to 1.6 times as long as wide as shown in Fig. 4. In the
rare case of overlap of features, the distinctive infructescence and restricted distribution
of C. ruthii and C. wiegandii help to distinguish them.

Carex echinata and C. atlantica are, for convenience, treated as part of the narrow-
leaved segment of the Stellulatae though they may sometimes have leaves greater than
2.8 mm wide. This group is by far the most variable and difficult.

Throughout the midwestern states and the southern Canadian prairie provinces
there occurs only one species of Stellulatae. This is the common plant with diminutive
spikes of small, short-beaked perigynia appropriately described by Bailey (1893) as Carex
interior. This plant is remarkably uniform throughout its extensive range, which proved
to include all provinces and territories of Canada, most of the northern and western
United States, and Mexico south to the vicinity of Mexico City. Carex interior can some-
times be difficult to separate from related species where they are sympatric. However,
from C. echinata it is relatively casily distinguished by beak length (Fig. 5). In the rare
case of ambiguity, other less reliable features must be used, for example, the perigynium
beak/body ratio, perigynium length/width ratio, venation of the perigynia, and the nature
of the pistillate scales as outlined in the key and descriptions. Carex interior is much
more difficult to separate from small plants of C. atlantica. The perigynia of C. interior
have a distinctive shape. The sides are nearly straight to slightly convex and, in the taper
to the beak, there is mostly a “shoulder” or second inflection point before a final con-
cave taper. This “shoulder” is well illustrated by Boott (1858, sub C. stellulata var.
scirpoides) who obviously clearly understood this plant. Nevertheless, it is a subtle
distinction and easily missed if one is not familiar with this character. In addition, the
perigynia of C. interior are usually nerveless on the adaxial surface whereas those of
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FIG. 2. Scatter plot of infructescence length and distance between the lower two spikes for
Carex ruthii and C. wiegandii.

C. atlantica are usually nerved. Carex interior also usually has brownish or somewhat
castaneous perigynia when mature while those of C. atlantica are usually greenish except
when overripe. As well, on the beak and up to 1.0 mm below, the margins of the
perigynia of C. interior are usually densely serrulate and often more or less setulose. The
marginal teeth of C. atlantica are more sparse, arising singly and often with discernible
space between the teeth. The perigynia of C. interior are 1.4-2.0 (2.2) times as long as
wide and those of C. atlantica are 1.1—1.7 (1.9) times as long as wide. Although there is
great overlap, this feature is helpful in separating specimens that may be ambiguous for
some other features. Some of these features are illustrated in Fig. 6, which shows both
the difficulty of separating the two species and that two groups are indeed present.
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Including Carex echinata and C. atlantica, not yet discussed except as they related
to species already mentioned, 11 species recognized by Mackenzie (1931) still remain to
be dealt with. These are C. atlantica, C. echinata (C. muricata auct. non L.), C. mohriana,
C. howei, C. incomperta, C. laricina, C. cephalantha, C. phyllomanica, C. ormantha,
C. angustior, and C. townsendii. When specimens representing this group of names were
carefully analyzed, it was found that they fell into two clear-cut groups based on
perigynium length/width ratios, beak length, perigynium colour, beak/body ratios,
geographic distribution, and other features. The perigynium length/width ratio and beak
length for the two groups are illustrated in Fig. 7. The group with longer, narrower
perigynia with length/width ratios ranging from 1.75-3.6 and beak lengths from
0.85—2.05 mm includes C. echinata, C. laricina, C. phyllomanica, C. ormantha, C.
angustior, C. cephalantha, and C. townsendii. The group with broader perigynia 1.1 to
1.9 times as long as wide and beaks 0.45 to 1.25 mm long includes C. atlantica,
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FIG. 3. Scatter plot of pistillate scale length and maximum leaf width for Carex ruthii,
C. wiegandii and broad-leaved individuals of C. echinata.
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FIG 4. Perigynium length/width ratio plotted against maximum leaf width for Carex ruthii,
C. wiegandii and broad-leaved individuals of C. echinata and C. atlantica.

C. mohrina, C. incomperta, and C. howei. Only the names C. echinata and C. atlantica
appear on Fig. 7 and it will be convenient to refer to the C. atlantica complex and the
C. echinata complex containing respectively the names associated in the two groups
listed above.

The Carex atlantica Complex

The four taxa in the Carex atlantica complex, C. atlantica, C. incomperta, C. howei,
and C. mohriana, were separated on the basis of perigynium size, infructescence length,
leaf width, pistillate scale length and acuteness, and geographical distribution among
other features. In Mackenzie’s (1931) monograph, they fell into two groups. C. howei and
C. mohriana were separated from C. atlantica and C. incomperta by the key couplet
“perigynia small, 2.25—3.25 mm long, the beak very shallowly bidentate one fourth to
one third length of the body; scales half to two thirds length of bodies of perigynia” for
C. howei and C. mohriana versus “perigynia 2.75—4.75 mm long, with beak sharply
bidentate and ventral false suture conspicuous” for C. atlantica and C. incomperta. Fig. 8
shows a frequency diagram of perigynium length for the complex. It is evident that
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perigynium length is a unimodal curve with the mean of this sample being 2.75 mm.
Careful examination of perigynium beak teeth indicated that in the C. atlantica complex,
the length of the teeth is closely correlated with beak length and both correlate closely
with perigynium size and follow the same pattern as shown in Fig. 8.

Carex mohriana was separated from C. howei by the couplet “spikes strongly
separate; leaf-blades 0.25—1 mm wide” for C. howei and “spikes aggregated in a dense
head; leaf-blades 1—2.5 mm wide” for C. mohriana. Examination of a wide selection of
material showed that plants with densely aggregated spikes are of sporadic occurrence
throughout the range of the C. atlantica complex and also occur through the entire
range of leaf widths shown by the complex. Mackenzie (1931) considered the plant a
central Florida endemic. Close inspection has not revealed any further diagnostic fea-
tures. Isotypes of C. mohriana have some culms with elongate heads typical of the
C. atlantica complex as a whole mixed with culms with dense heads. This segregate is a
slight variant not worthy of recognition.

The separation of Carex incomperta and C. atlantica has been discussed by
Hermann (1965). He summarized key characters from various treatments, concluded
that the two taxa were conspecific, and reduced C. incomperta to varietal status as
C. atlantica var. incomperta (Bicknell) Hermann. Further to this end, a comparison has
been made of two of the major key differences noted by Hermann (1965), the propor-
tionate lengths of pistillate scale and perigynium body and the leaf width. Carex
incomperta is described as having the pistillate scales two-thirds to fully as long as the
body of the perigynium and leaves 1.5 to 2.5 mm wide and C. atlantica as having the
pistillate scales half to two-thirds the length of the body and leaves 1.5 to 4.0 mm wide.
Figure 9 clearly shows that the variation in leaf width is hardly correlated with that of
the pistillate scale length/perigynium body length proportion. Two groups cannot be
sorted out here. As all other characters examined followed the same pattern, it would
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FIG. 8. Frequency diagram of perigynium length for Carex atlantica.

seem that C. atlantica and C. incomperta are certainly conspecific as shown by Hermann
(1965) and, more than that, not even different at varietal level.

One of the most interesting aspects of this study was the investigation of the rela-
tionships of Carex howei. From the time the taxon was first described by L. H. Bailey
(1893), as C. interior var. capillacea, to the present, all authors in their keys, descriptions,
and discussions have associated this species with C. interior. No mention was ever made
of precisely how the plant was to be separated from C. incomperta and C. atlantica ex-
cept for the standard key characters noted before. We discovered that not only is the
true relationship of C. howei with C. atlantica and its relatives, but in fact it is con-
specific with them and not closely related to C. interior at all. The differences between
C. interior and the C. atlantica complex have been discussed already. Plants fitting the
description of C. howei have usually green perigynia 1.1 to 1.7 (—1.9) times as long as
wide, veined on the adaxial surface with margins of beak and upper portion of body
sparsely serrulate and no “shoulder” as described for C. interior. This is clearly in line
with plants described as C. atlantica and C. incomperta. Figure 6 shows leaf width
plotted against perigynium length/width ratio for C. interior and the C. atlantica com-
plex. Narrow-leaved (less than 1.6 mm wide) plants of the C. atlantica complex fit the
description of C. howei. One can see here that they generally fit into the pattern of
variation shown by the rest of the C. atlantica complex rather than fitting with the
“bulge” shown by C. interior. Carex howei clearly represents the smallest variants of
the C. atlantica complex and is not related to C. interior. Figure 10, perigynium length
plotted against perigynium width, was coded for leaf widths that correspond to the
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description of the three taxa. The maximum leaf width given in keys for C. howei was
1.0 mm (Fernald, 1950; Gleason and Cronquist, 1963; Voss, 1972) and the range for
C. incomperta 1.5 to 2.5 mm and for C. atlantica 1.5 to 4.0 mm (Mackenzie, 1931;
Hermann, 1965). However, there are quite a number of plants of the C. atlantica com-
plex with maximum leaf widths between 1.0 and 1.5 mm. Thus, the limits used on the
graph were adjusted according to measurements of herbarium specimens determined by
Mackenzie. Plants named C. howei often had leaves to 1.6 mm wide for even slightly
wider in rare instances as pointed out by Voss (1972). The two larger groups, representing
C. atlantica and C. incomperta, also had their limits adjusted according to measurements
of herbarium specimens as above. It can be seen here that rather than the presence of two
or three taxa, the graph again shows a uniform pattern of variation for the entire
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FIG. 9. Maximum leaf width plotted against ratio of pistillate scale length and perigynium
body length for Carex atlantica.
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FIG. 10. Scatter plot of perigynium length and perigynium width for Carex atlantica.

C. atlantica complex and, obviously, that smaller plants have smaller perigynia but of the
same shape. Again on this graph, as noted on Fig. 6, plants answering the description of
C. howei are at the smallest end of the uniform variation spectrum shown by the C.
atlantica complex just as plants called C. atlantica form the large end and C. incomperta
the middle. However, no discontinuities are detectable. The unimodal nature of the
distribution of perigynium lengths has already been demonstrated (Fig. 8). Figure 6 also
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clearly shows that there are many plants with leaves 1.0 to 1.5 mm wide, as pointed out
previously.

However, the situation is not as simple as presented thus far. Although there is a
lack of discontinuities in the Carex atlantica complex, characters show a definite segrega-
tion on a geographical basis. This is especially true for leaf width. Figure 11 demonstrates
this differing abundance graphically for two areas, Nova Scotia and Georgia. In Nova
Scotia, plants with widest leaves 1.5 mm to 1.9 mm are quite rare and a definite dis-
continuity of variation exists, whereas in Georgia a unimodal curve is indicated.

The taxonomic disposition of this kind of variable complex is always exceedingly
unsatisfactory. This is especially so here since taxonomists working in local areas, for
example Nova Scotia, will find “distinct” taxa because the total range of variability of
the complex is not expressed throughout its entire range. Thus, a revision of the tax-
onomy based on specimens from a local area may well give different results from one
including the entire range of the complex.

From the discussion above, it is evident that there is only one taxon at the species
level in the Carex atlantica complex. Although the complex patterns of variation within
that species are describable, they are very difficult to fit into the standard taxonomic
hierachy. It is felt that intergradation between plants fitting the description of C
incomperta and C. atlantica is so complete over such a large area that recognition of two
taxa, even at varietal level as proposed by Hermann (1965), is not feasible. Because the
fine-leaved plants, fitting the description of C. howei, form recognizable populations
with a distinctive distribution (Fig. 22) that may grow with broad-leaved plants without
intergradation, they are here recognized at subspecific level as C. atlantica subsp.
capillacea.

The Carex echinata Complex

Seven species were recognized by Mackenzie (1931) in the Carex echinata complex:
C. echinata (C. muricata auct. non L.), C. ormantha, C. phyllomanica, C. townsendii, C.
angustior, C. laricina, and C. cephalantha. Carex townsendii was described from
Chihuahua, Mexico, but so few Mexican specimens of this complex have been examined
that no further treatment is here possible.

The Carex echinata complex is widely distributed both on the castern and western
sides of the continent. In the east, the group has a more or less continuous range from
Newfoundland and Labrador to western Ontario south to New Jersey, lowa, and in the
Appalachian mountains to southern North Carolina. In the west, the complex occurs on
mountain chains and along the coast from Alaska to southern California and Colorado
and again in Mexico. Specimens from the interior boreal region are extremely few. Of the
species recognized by Mackenzie (1931) only two, C. phyllomanica and C. ormantha,
were considered exclusively western North American and one, C. laricina, exclusively
eastern North American. Carex cephalantha, C. angustior, and C. echinata were con-
sidered to occur on both sides of the continent. Carex laricina has, however, been united
by recent authors with C. cephalantha (Fernald, 1950; Voss, 1972). Furthermore, the
original description of C. ormantha, as C. echinata var. ormantha Fernald (1902), in-
cluded Rhode Island and Connecticut plants. This leaves only C. phyllomanica considered
as exclusively western by all authors.

Mackenzie’s major division of these seven species was based on the nature of the
pistillate scales. Carex echinata, C. ormantha, and C. phyllomanica were considered to
have “obtuse or obtusish” scales, chestnut brown with bright white margins, not
sharply keeled and with the midvein obscure at the apex. Carex angustior, C. cephalantha,
and C. laricina were described as having pistillate scales “obtusish to cuspidate,” yellowish
brown with a narrow, opaque or dull white margin and a midvein prominent to the apex.
When the pistillate scales were closely examined, they were found to be tremendously
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FIG. 11. Frequency diagrams of maximum leaf width for all specimens examined of Carex
atlantica from Georgia (above) and Nova Scotia (below).
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variable, both on the same spike and between plants. The variability on a single spike
paralleled that of the perigynia as discussed earlier and variability between plants ranged
more widely, even with plants of similar appearance. A brief survey of plants named
C. ormantha, C. phyllomanica, and C. echinata by Mackenzie revealed that, of 23
examined, 7 had primarily obtuse or “obtusish” scales and 16 had mostly acute scales.
In the same manner, an examination of 26 plants of C. angustior, C. cephalantha, and
C. laricina disclosed 23 with acute scales and 3 with obtuse or “obtusish” scales. Vari-
ability of even greater magnitude crossing Mackenzie’s specific boundaries was observed
in the venation and bordering of scales.

Carex echinata was separated from C. ormantha and C. phyllomanica by its ovate
perigynium and nerveless adaxial surface as contrasted with a many-nerved adaxial sur-
face and “narrower” perigynia. When actual measurements and observations were made,
the circumstances under which this separation was derived became puzzling for, of 74
specimens named C. ormantha and C. phyllomanica, including a considerable proportion
named by Mackenzie himself, 20 were nerveless or with one faint nerve and 54 were
2—I1-nerved. In addition, the perigynium length/width ratio ranged from 1.95 to 3.2
(3.6) times as long as wide. These values entirely encompassed those obtained for
“authentic” C. echinata. The problems do not end here for, in distinguishing C. ormantha
and C. phyllomanica, Mackenzie (1931) relied on the separation of the spikes in the
infructescence and perigynium length. Carex ormantha was described as having a very
open infructescence and perigynia 3.5 to 4.0 mm long and C. phyllomanica a very dense
infructescence and perigynia 3.75 to 4.5 mm long. The best way found to express the
nature of the differences was to use the ratio of culm length/infructescence length. Fig-
ure 12 shows how the two classes of plants segregate with regard to these two characters.
It can be readily seen that the separation is anything but clear-cut. Perigynium length
and infructescence density do not correlate well at all. Although the dense-headed plants
are primarily coastal, the separation of the two taxa on these characters at specific level
is not feasible. As well, western plants fitting the descriptions of C. cephalantha, C.
echinata, and C. angustior were excluded from the graph. They are somewhat inter-
mediate between C. phyllomanica and C. ormantha for these characters.

A close examination of Carex angustior, C. laricina, and C. cephalantha is also in
order. Carex angustior was considered to have very narrow, lanceolate perigynia nerveless
on the adaxial surface with a beak equalling or exceeding the length of the body and the
achene much longer than wide. Both C. laricina and C. cephalantha were described as
having perigynia ovate, the beak much shorter than the body, the achenes about as wide
as long, and perigynia nerved on the adaxial surface. Figure 13 shows the pattern of beak
length/body length ratio, number of nerves on the adaxial surface, and perigynium
length/width ratio for the C. echinata complex. In this revealing figure, it can be seen
that perigynium beak/body ratio, perigynium length/width ratio, and the number of
nerves on the adaxial surface of the perigynium are only loosely correlated. Certainly,
no discontinuous clusters of variation are evident. In addition, variation in these charac-
ters in the east of North America is nearly paralleled by that in the west. At the very
least, if there are separate species in the complex, they cannot be distinguished using
these features. However, it is notable that the plants with the narrowest perigynia were
both invariably nerveless and from the east. The achene length/width ratio could not be
placed on Fig. 13 without confusion but it shows parallel variation to the perigynium
length/width ratio in the C. echinata complex. Carex angustior was also characterized as
being a delicate plant with narrow leaves and a dense infructescence (Mackenzie, 1931)
but these characters also show great variability.

Carex cephalantha and C. laricina have been united by a number of authors
(Fernald, 1950; Voss, 1972). Mackenzie (1931) separated the two mainly on the basis of
perigynium length. Carex laricina he indicated had perigynia 2.75 mm to 3.5 mm long
and C. cephalantha 3.5 mm to 4.0 mm long, Hermann (1941), adjusted the range of
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FIG. 12. Scatter plot of perigynium length and ratio of culm length to infructescence length for
Carex echinata subsp. phyllomanica and “ormantha types.”

C. laricina to 2.75 mm to 3.3 mm. Thus, it would seem that a frequency diagram of a
wide selection of specimens of these plants should show few plants with perigynia 3.3
mm to 3.5 mm long. However, when such measurements are made on a large sample
(Fig. 14) this is not the case. In fact, the sample formed a unimodal curve with a mean
of 3.33 mm. The decisions of Fernald (1950) and Voss (1972) not to recognize C. laricina
as distinct were clearly correct.
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The problems are yet more involved, as up to now the two groups based on pistil-
late scale characters have been mo<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>